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MAXIMUMITRALER ANGLE 
DETERMINATION AND CONTROL FORA 
TRALER BACKUPASSIST SYSTEM 

CROSS REFERENCE 

This patent application is a continuation-in-part of co 
pending U.S. patent application Ser. No. 14/059,835 filed on 
Oct. 22, 2013, entitled “TRAILER BACKUPASSIST SYS 
TEM”, which is a continuation-in-part of U.S. patent appli 
cation Ser. No. 13/443,743 filed Apr. 10, 2012, entitled 
DETECTION OF AND COUNTERMEASURES FOR 
JACKKNIFE ENABLING CONDITIONS DURING 
TRAILER BACKUPASSIST, now allowed which is a con 
tinuation-in-part of co-pending U.S. patent application Ser. 
No. 13/336,060, which was filed Dec. 23, 2011, entitled 
TRAILER PATH CURVATURE CONTROL FOR 
TRAILER BACKUPASSIST, which claims priority from 
U.S. Provisional Patent Application No. 61/477,132, which 
was filed Apr. 19, 2011, which is entitled “TRAILER 
BACKUPASSIST CURVATURE CONTROL, and both of 
which have a common applicantherewith and are being incor 
porated herein in their entirety by reference. 

TECHNICAL FIELD 

The disclosure made herein relates generally to driver 
assist and active safety technologies in vehicles, and more 
particularly to a trailer backup assist system. 

BACKGROUND 

It is well known that backing up a vehicle with a trailer 
attached is a difficult task for many drivers. This is particu 
larly true for drivers that are untrained at backing with trailers 
such as, for example, those that drive with an attached trailer 
on an infrequent basis (e.g., have rented a trailer, use a per 
Sonal trailer on an infrequent basis, etc.). One reason for Such 
difficulty is that backing a vehicle with an attached trailer 
requires counter-steering that is opposite to normal steering 
when backing the vehicle without a trailer attached and/or 
requires braking to stabilize the vehicle-trailer combination 
before a jackknife condition occurs. Another reason for Such 
difficulty is that Small errors in steering while backing a 
vehicle with an attached trailer are amplified thereby causing 
the trailer to depart from a desired path. 

To assist the driver in steering a vehicle with a trailer 
attached, a trailer backup assist system needs to know the 
drivers intention. One common assumption with known 
trailer backup assist systems is that a driver of a vehicle with 
an attached trailer wants to back up straight and the system 
either implicitly or explicitly assumes a Zero curvature path 
for the vehicle-trailer combination. Unfortunately most of the 
real-world use cases of backing a trailer involve a curved path 
and, thus, assuming a path of Zero curvature would signifi 
cantly limit usefulness of the system. Some known systems 
assume that a path is known from a map or path planner. To 
this end, some known trailer backup assist systems operate 
under a requirement that a trailer back-up path is known 
before backing of the trailer commences such as, for example, 
from a map or a path planning algorithm. Undesirably, Such 
implementations of the trailer backup assist systems are 
known to have a relatively complex Human Machine Inter 
face (HMI) device to specify the path, obstacles and/or goal of 
the backup maneuver. Furthermore, Such systems also require 
some way to determine how well the desired path is being 
followed and to know when the desired goal, or stopping 
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2 
point and orientation, has been met, using approaches such as 
cameras, inertial navigation, or high precision GPS. These 
requirements lead to a relatively complex and costly system. 

Another reason backing a trailer can prove to be difficult is 
the need to control the vehicle in a manner that limits the 
potential for a jackknife condition to occur. A trailer has 
attained a jackknife condition when a hitch angle cannot be 
reduced (i.e., made less acute) while continuously backing up 
a trailer by application of a maximum steering input for the 
vehicle Such as, for example, by moving steered front wheels 
of the vehicle to a maximum steered angle at a maximum rate 
of steering angle change. It is also possible while backing a 
trailer that a maximum allowable trailer curvature not be 
exceeded which, if the hitch angle becomes sufficiently large, 
contact may occur between a portion of the trailer and a 
portion of the vehicle. In the case of the jackknife angle being 
achieved, the vehicle must be pulled forward to relieve the 
hitch angle in order to eliminate the jackknife condition and, 
thus, allow the hitch angle to be controlled via manipulation 
of the steered wheels of the vehicle. However, in addition to 
the jackknife condition creating the inconvenient situation 
where the vehicle must be pulled forward, it can also lead to 
damage to the vehicle and/or trailer if certain operating con 
ditions of the vehicle relating to its speed, engine torque, 
acceleration, and the like are not detected and counteracted. 
For example, if the vehicle is travelling at a suitably high 
speed in reverse and/or Subjected to a suitably high longitu 
dinal acceleration when the jackknife condition is achieved, 
the relative movement of the vehicle with respect to the trailer 
can lead to contact between the vehicle and trailer thereby 
damaging the trailer and/or the vehicle. 
When the hitch angle becomes sufficiently large while 

backing a trailer it is not only possible to have contact 
between a portion of the trailer and the vehicle, but it is also 
possible that the vehicle could steer the trailer past a control 
lable curvature path. There is a need for determining a maxi 
mum trailer angle and a maximum controllable curvature. 
There is also a need for detecting when the determined maxi 
mum trailer angle and maximum controllable curvature may 
be incorrect. There is a need for resetting and correcting the 
determined maximum trailer angle and maximum control 
lable curvature. Lastly, there is a need for limiting trailer 
angle so that it is maintained within maximum left and right 
angles during backing of the trailer. 

SUMMARY 

Embodiments of the disclosed subject matter are directed 
to a system and method for assisting a driver with backing an 
attached trailer. TO BE COMPLETED UPON INVENTOR 
APPROVAL OF THE CLAIMS 

These and other aspects, object, and features of the dis 
closed subject matter will be understood and appreciated by 
those skilled in the art upon studying the following specifi 
cation, claims, and appended drawings. 

DESCRIPTION OF DRAWINGS 

FIG. 1 shows a vehicle-trailer combination, the vehicle 
being configured for performing trailer backup assist func 
tionality in accordance with an embodiment of the disclosed 
Subject matter embodiment. 

FIG. 2 shows a preferred embodiment of the trailer backup 
steering input apparatus discussed in reference to FIG. 1. 

FIG. 3 shows an example of a trailer backup sequence 
implemented using the trailerbackup steering input apparatus 
discussed in reference to FIG. 2. 
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FIG. 4 shows a method for implementing trailer backup 
assist functionality in accordance with an embodiment of the 
disclosed Subject matter. 

FIG. 5 is a diagrammatic view showing a kinematic model 
configured for providing information utilized in providing 
trailer backup assist functionality in accordance with the dis 
closed subject matter. 

FIG. 6 is a graph showing an example of a trailer path 
curvature function plot for a rotary-type trailer backup steer 
ing input apparatus configured in accordance with the dis 
closed subject matter. 

FIG. 7 is a diagrammatic view showing a relationship 
between hitch angle and steered angle as it relates to deter 
mining a jackknife angle for a vehicle/trailer system in 
reverse or backing up. 

FIG. 8 shows a method for implementing jackknife coun 
termeasures functionality in accordance with an embodiment 
of the disclosed subject matter. 

FIG. 9 shows a Human Machine Interface (HMI) device 
associated with the disclosed subject matter. 

FIG.10 shows a flow diagram associated with the disclosed 
Subject matter. 

FIG. 11 shows a flow diagram of the setup module of the 
disclosed Subject matter. 

FIG. 12 shows an example of an image displayed at the 
HMI device in accordance with the disclosed subject matter. 

FIG. 13 shows a block diagram of the disclosed subject 
matter. 

Elements and steps in the figures are illustrated for sim 
plicity and clarity and have not necessarily been rendered 
according to any particular sequence. For example, steps that 
may be performed concurrently or in different order are illus 
trated in the figures to help to improve understanding of 
embodiments of the disclosed subject matter. 

DETAILED DESCRIPTION 

While various aspects of the disclosed subject matter are 
described with reference to a particular illustrative embodi 
ment, the disclosed subject matter is not limited to Such 
embodiments, and additional modifications, applications, 
and embodiments may be implemented without departing 
from the disclosed subject matter. In the figures, like refer 
ence numbers will be used to illustrate the same components. 
Those skilled in the art will recognize that the various com 
ponents set forth herein may be altered without varying from 
the scope of the disclosed subject matter. 

The disclosed subject matter is directed to providing trailer 
backup assist functionality in a manner that is relatively low 
cost and that offers an intuitive user interface. In particular, 
Such trailer backup assist functionality provides for control 
ling curvature of a path of travel of a trailer attached to a 
vehicle (i.e., trailer path curvature control) by allowing a 
driver of the vehicle to specify a desired path of the trailer by 
inputting a desired trailer path curvature as the backup 
maneuver of the vehicle and trailer progresses. Although a 
control knob, a set of virtual buttons, or a touch screen can 
each be implemented for enabling trailer path curvature con 
trol, the disclosed Subject matter is not unnecessarily limited 
to any particular configuration of interface through which a 
desired trailer path curvature is inputted. Furthermore, in the 
case where a steering wheel can be mechanically decoupled 
from steered wheels of the vehicle, the steering wheel can also 
be used as an interface through which a desired trailer path 
curvature is inputted. As will be discussed herein in greater 
detail, kinematical information of a system defined by the 
vehicle and the trailer are used to calculate a relationship (i.e., 
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4 
kinematics) between the trailer’s curvature and the steering 
angle of the vehicle for determining steering angle changes of 
the vehicle for achieving the specified trailer path. Steering 
commands corresponding to the steering angle changes are 
used for controlling a steering system of the tow vehicle (e.g., 
electric power assisted steering (EPAS) system) for imple 
menting steering angle changes of steered wheels of the 
vehicle to achieve (e.g., to approximate) the specified path of 
travel of the trailer. The trailer backup assist system automati 
cally steers the vehicle-trailer combination as a driveruses the 
vehicle transmission, accelerator and brake to reverse the 
vehicle-trailer combination. The driver inputs a desired trailer 
curvature command by using an input device Such as a trailer 
steering knob. 

Trailer backup assist functionality is directed to imple 
menting one or more countermeasures for limiting the poten 
tial of a jackknife condition being attained between a vehicle 
and a trailer being towed by the vehicle while backing up. In 
certain embodiments of the disclosed Subject matter, curva 
ture of a path of travel of the trailer (i.e., trailer path curvature 
control) can be controlled by allowing a driver of the vehicle 
to specify a desired path of the trailer by inputting a desired 
trailer path curvature as the backup maneuver of the vehicle 
and trailer progresses. Although a control knob, a set of Vir 
tual buttons, or a touch screen can each be implemented for 
enabling trailer path curvature control, the disclosed subject 
matter is not unnecessarily limited to any particular configu 
ration of interface through which a desired trailer path curva 
ture is inputted. Furthermore, in the case where a steering 
wheel can be mechanically decoupled from steered wheels of 
the vehicle, the steering wheel can also be used as an interface 
through which a desired trailer path curvature is inputted. As 
will be discussed herein in greater detail, kinematical infor 
mation of a system defined by the vehicle and the trailer are 
used to calculate a relationship (i.e., kinematics) between the 
trailer’s curvature and the steering angle of the vehicle for 
determining steering angle changes of the vehicle for achiev 
ing the specified trailerpath. Steering commands correspond 
ing to the steering angle changes are used for controlling a 
steering system of the tow vehicle (e.g., electric power 
assisted Steering (EPAS) system) for implementing steering 
angle changes of steered wheels of the vehicle to achieve 
(e.g., to approximate) the specified path of travel of the trailer. 

Trailer Backup Assist System 
Referring to FIG. 1, an embodiment of a vehicle 100 con 

figured for performing trailer backup assist functionality in 
accordance with the inventive subject matter is shown. A 
trailer backup assist system 105 of the vehicle 100 controls 
the curvature of path of travel of a trailer 110 that is attached 
to the vehicle 100. Such control is accomplished through 
interaction of a power assisted steering system 115 of the 
vehicle 100 and the trailer backup assist system 105. During 
operation of the trailer backup assist system 105 while the 
vehicle 100 is being reversed, a driver of the vehicle 100 is 
Sometimes limited in the manner in which he/she can make 
steering inputs via a steering wheel of the vehicle 100. This is 
because in certain vehicles the trailer backup assist system 
105 is in control of the power assisted steering system 115 and 
the power assisted steering system 115 is directly coupled to 
the steering wheel (i.e., the steering wheel of the vehicle 100 
moves in concert with steered wheels of the vehicle 100). As 
is discussed below in greater detail, a human machine inter 
face (HMI) device of the backup assist system 105 is used for 
commanding changes in curvature of a path of the trailer 110 
Such as a knob, thereby decoupling Such commands from 
being made at the steering wheel of the vehicle 100. However, 
Some vehicles configured to provide trailer backup assist 



US 9,296,423 B2 
5 

functionality in accordance with the inventive subject matter 
will have the capability to selectively decouple steering 
movement from movement of steerable wheels of the vehicle, 
thereby allowing the steering wheel to be used for command 
ing changes in curvature of a path of a trailer during Such 
trailer backup assist. 

The trailer backup assist system 105 includes a trailer 
backup assist control module 120, a trailer backup steering 
input apparatus 125, and a hitch angle detecting apparatus 
130. The trailer backup assist control module 120 is con 
nected to the trailer backup steering input apparatus 125 and 
the hitch angle detecting apparatus 130 for allowing commu 
nication of information between them. It is disclosed herein 
that the trailerbackup steering input apparatus can be coupled 
to the trailer backup assist control module 120 in a wired or 
wireless manner. The trailer backup assist system control 
module 120 is attached to a power-steering assist control 
module 135 of the power-steering assist system 115 for allow 
ing information to be communicated between them. A steer 
ing angle detecting apparatus 140 of the power-steering assist 
system 115 is connected to the power-steering assist control 
module 135 for providing information thereto. The trailer 
backup assist system is also attached to a brake system control 
module 145 and a powertrain control module 150 for allow 
ing communication of information between them. Jointly, the 
trailer backup assist system 105, the power-steering assist 
system 115, the brake system control module 145, the pow 
ertrain control module 150, and the gear selection device 
(PRNDL), define a trailer backup assist architecture config 
ured in accordance with an embodiment of the disclosed 
Subject matter. 
The trailer backup assist control module 120 is configured 

for implementing logic (i.e., instructions) for receiving infor 
mation from the trailer backup steering input apparatus 125. 
the hitch angle detecting apparatus 130, the power-steering 
assist control module 135, the brake system control module 
145, and the powertrain control module 150. The trailer 
backup assist control module 120 (e.g., a trailer curvature 
algorithm thereof) generates vehicle steering information as a 
function of all or a portion of the information received from 
the trailer backup steering input apparatus 125, the hitch 
angle detecting apparatus 130, the power-steering assist con 
trol module 135, the brake system control module 145, and 
the powertrain control module 150. Thereafter, the vehicle 
steering information is provided to the power-steering assist 
control module 135 for affecting steering of the vehicle 100 
by the power-steering assist system 115 to achieve a com 
manded path of travel for the trailer 110. 
The trailer backup steering input apparatus 125 provides 

the trailer backup assist control module 120 with information 
defining the commanded path of travel of the trailer 110 to the 
trailer backup assist control module 120 (i.e., trailer steering 
information). The trailer steering information can include 
information relating to a commanded change in the path of 
travel (e.g., a change in radius of path curvature) and infor 
mation relating to an indication that the trailer is to travel 
along a path defined by a longitudinal centerline axis of the 
trailer (i.e., along a Substantially straight path of travel). As 
will be discussed below in detail, the trailer backup steering 
input apparatus 125 preferably includes a rotational control 
input device for allowing a driver of the vehicle 100 to inter 
face with the trailer backup steering input apparatus 125 to 
command desired trailer steering actions (e.g., commanding a 
desired change in radius of the path of travel of the trailer 
and/or commanding that the trailer travel along a Substan 
tially straight path of travel as defined by a longitudinal cen 
terline axis of the trailer). In a preferred embodiment, the 
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6 
rotational control input device is a knob rotatable about a 
rotational axis extending through a top Surface/face of the 
knob. In other embodiments, the rotational control input 
device is a knob rotatable about a rotational axis extending 
substantially parallel to a top surface/face of the knob. 
Some vehicles (e.g., those with active front steer) have a 

power-steering assist System configuration that allows a 
steering wheel to be partially decoupled from movement of 
the steered wheels of such a vehicle. Accordingly, the steering 
wheel can be rotated independent of the manner in which the 
power-steering assist system of the vehicle controls the 
steered wheels (e.g., as commanded by Vehicle steering infor 
mation provided by a power-steering assist system control 
module from a trailer backup assist system control module 
configured in accordance with an embodiment of the dis 
closed subject matter). As such, in these types of vehicles 
where the steering wheel can be selectively decoupled from 
the steered wheels to allow independent operation thereof, 
trailer steering information of a trailer backup assist system 
configured in accordance with the disclosed subject matter 
can be provided through rotation of the steering wheel. 
Accordingly, it is disclosed herein that in certain embodi 
ments of the disclosed subject matter, the steering wheel is an 
embodiment of a rotational control input device in the context 
of the disclosed subject matter. In such embodiments, the 
steering wheel would be biased (e.g., by an apparatus that is 
selectively engagable/activatable) to an at-rest position 
between opposing rotational ranges of motion. 
The hitch angle detecting apparatus 130, which operates in 

conjunction with a hitch angle detection component 155 of 
the trailer 110, provides the trailer backup assist control mod 
ule 120 with information relating to an angle between the 
vehicle 100 and the trailer 110 (i.e., hitch angle information). 
The hitch angle detecting apparatus 130 may be a camera 
based apparatus such as, for example, an existing rear view 
camera of the vehicle 100 that images (i.e., visually monitors) 
a target (i.e., the hitch angle detection component 155) 
attached the trailer 110 as the trailer 110 is being backed by 
the vehicle 100. Preferably, but not necessarily, the hitch 
angle detection component 155 is a dedicated component 
(e.g., an item attached to/integral with a Surface of the trailer 
110 for the express purpose of being recognized by the hitch 
angle detecting apparatus 130. Alternatively, the hitch angle 
detecting apparatus 130 can be a device that is physically 
mounted on a hitch component of the vehicle 100 and/or a 
mating hitch component of the trailer 110 for determining an 
angle between centerline longitudinal axes of the vehicle 100 
and the trailer 110. The hitch angle detecting apparatus 130 
can be configured for detecting a jackknife enabling condi 
tion and/or related information (e.g., when a hitch angle 
threshold has been met). 
The power-steering assist control module 135 provides the 

trailer backup assist control module 120 with information 
relating to a rotational position (e.g., angle) of the steering 
wheel angle and/or a rotational position (e.g., turning 
angle(s)) of steered wheels of the vehicle 100. In certain 
embodiments of the disclosed subject matter, the trailer 
backup assist control module 120 can be an integrated com 
ponent of the power Steering assist system 115. For example, 
the power-steering assist control module 135 can include a 
trailer back-up assist algorithm for generating vehicle steer 
ing information as a function of all or a portion of information 
received from the trailer backup steering input apparatus 125, 
the hitch angle detecting apparatus 130, the power-steering 
assist control module 135, the brake system control module 
145, and the powertrain control module 150. 
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The brake system control module 145 provides the trailer 
backup assist control module 120 with information relating to 
vehicle speed. Such vehicle speed information can be deter 
mined from individual wheel speeds as monitored by the 
brake system control module 145 or may be provided by an 
engine control module with signal plausibility. Vehicle speed 
may also be determined from an engine control module. In 
Some instances, individual wheel speeds can also be used to 
determine a vehicle yaw rate and Such yaw rate can be pro 
vided to the trailer backup assist control module 120 for use in 
determining the vehicle steering information. In certain 
embodiments, the trailer backup assist control module 120 
can provide vehicle braking information to the brake system 
control module 145 for allowing the trailer backup assist 
control module 120 to control braking of the vehicle 100 
during backing of the trailer 110. For example, using the 
trailer backup assist control module 120 to regulate speed of 
the vehicle 100 during backing of the trailer 110 can reduce 
the potential for unacceptable trailer backup conditions. 
Examples of unacceptable trailer backup conditions include, 
but are not limited to, a vehicle over speed condition, a high 
hitch angle rate, trailerangle dynamic instability, a calculated 
theoretical trailerjackknife condition (defined by a maximum 
vehicle steering angle, drawbar length, tow vehicle wheel 
base and an effective trailer length), or physical contactjack 
knife limitation (defined by an angular displacement limit 
relative to the vehicle 100 and the trailer 110), and the like. It 
is disclosed herein that the backup assist control module 120 
can issue a signal corresponding to a notification (e.g., a 
warning) of an actual, impending, and/or anticipated unac 
ceptable trailer backup condition. 

The powertrain control module 150 interacts with the 
trailer backup assist control module 120 for regulating speed 
and acceleration of the vehicle 100 during backing of the 
trailer 110. As mentioned above, regulation of the speed of the 
vehicle 100 is necessary to limit the potential for unaccept 
able trailer backup conditions such as, for example, jackknif 
ing and trailer angle dynamic instability. Similar to high 
speed considerations as they relate to unacceptable trailer 
backup conditions, high acceleration and high dynamic driver 
curvature requests can also lead to such unacceptable trailer 
backup conditions. 

Steering Input Apparatus 
Referring now to FIG. 2, an embodiment of the trailer 

backup steering input apparatus 125 discussed in reference to 
FIG. 1 is shown. A rotatable control element in the form of a 
knob 170 is coupled to a movement sensing device 175. The 
knob 170 is biased (e.g., by a spring return) to an at-rest 
position P(AR) between opposing rotational ranges of motion 
R(R), R(L). A first one of the opposing rotational ranges of 
motion R(R) is Substantially equal to a second one of the 
opposing rotational ranges of motion R(L), R(R). To provide 
a tactile indication of an amount of rotation of the knob 170, 
a force that biases the knob 170 toward the at-rest position 
P(AR) can increase (e.g., non-linearly) as a function of the 
amount of rotation of the knob 170 with respect to the at-rest 
position P(AR). Additionally, the knob 170 can be configured 
with position indicating detents such that the driver can posi 
tively feel the at-rest position P(AR) and feel the ends of the 
opposing rotational ranges of motion R(L). R(R) approaching 
(e.g., soft end stops). 
The movement sensing device 175 is configured for sens 

ing movement of the knob 170 and outputting a correspond 
ing signal (i.e., movement sensing device signal) to the trailer 
assist backup input apparatus 125 shown in FIG.1. The move 
ment sensing device signal is generated as a function of an 
amount of rotation of the knob 170 with respect to the at-rest 
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8 
position P(AR), a rate movement of the knob 170, and/or a 
direction of movement of the knob 170 with respect to the 
at-rest position P(AR). As will be discussed below in greater 
detail, the at-rest position P(AR) of the knob 170 corresponds 
to a movement sensing device signal indicating that the 
vehicle 100 should be steered such that the trailer 100 is 
backed along a Substantially straight path (Zero trailer curva 
ture request from the driver) as defined by a centerline longi 
tudinal axis of the trailer 110 when the knob 170 was returned 
to the at-rest position P(AR) and a maximum clockwise and 
anti-clockwise position of the knob 170 (i.e., limits of the 
opposing rotational ranges of motion R(R), R(L)) each cor 
respond to a respective movement sensing device signal indi 
cating a tightest radius of curvature (i.e., most acute trajec 
tory) of a path of travel of the trailer 110 that is possible 
without the corresponding vehicle steering information caus 
ing a jackknife condition. In this regard, the at-rest position 
P(AR) is a Zero curvature commanding position with respect 
to the opposing rotational ranges of motion R(R), R(L). It is 
disclosed herein that a ratio of a commanded curvature of a 
path of a trailer (e.g., radius of a trailer trajectory) and a 
corresponding amount of rotation of the knob can vary (e.g., 
non-linearly) over each one of the opposing rotational ranges 
of motion P(L), P(R) of the knob 170. It is also disclosed 
therein that the ratio can be a function of vehicle speed, trailer 
geometry, vehicle geometry, hitch geometry and/or trailer 
load. 
Use of the knob 170 decouples trailer steering inputs from 

being made at a steering wheel of the vehicle 100. In use, as 
a driver of the vehicle 100 backs the trailer 110, the driver can 
turn the knob 170 to indicate a desired curvature of a path of 
the trailer 110 to follow and returns the knob 170 to theat-rest 
position P(AR) for causing the trailer 110 to be backed along 
a straight line. Accordingly, in embodiments of trailer backup 
assist systems where the steering wheel remains physically 
coupled to the steerable wheels of a vehicle during backup of 
an attached trailer, a rotatable control element configured in 
accordance with the disclosed Subject matter (e.g., the knob 
170) provides a simple and user-friendly means of allowing a 
driver of a vehicle to input trailer steering commands. 

It is disclosed herein that a rotational control input device 
configured in accordance with embodiments of the disclosed 
subject matter (e.g., the knob 170 and associated movement 
sensing device) can omita means for being biased to an at-rest 
position between opposing rotational ranges of motion. Lack 
of Such biasing allows a current rotational position of the 
rotational control input device to be maintained until the 
rotational control input device is manually moved to a differ 
ent position. Preferably, but not necessarily, when such bias 
ing is omitted, a means is provided for indicating that the 
rotational control input device is positioned in a Zero curva 
ture commanding position (e.g., at the same position as the 
at-rest position in embodiments where the rotational control 
input device is biased). Examples of means for indicating that 
the rotational control input device is positioned in the Zero 
curvature commanding position include, but are not limited 
to, a detent that the rotational control input device engages 
when in the Zero curvature commanding position, a visual 
marking indicating that the rotational control input device is 
in the Zero curvature commanding position, an active vibra 
tory signal indicating that the rotational control input device 
is in or approaching the Zero curvature commanding position, 
an audible message indicating that the rotational control input 
device is in of approaching the Zero curvature commanding 
position, and the like. 

It is also disclosed herein that embodiments of the dis 
closed subject matter can be configured with a control input 
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device that is not rotational (i.e., a non-rotational control 
input device). Similar to a rotational control input device 
configured in accordance with embodiments of the disclosed 
subject matter (e.g., the knob 170 and associated movement 
sensing device). Such a non-rotational control input device is 
configured to selectively provide a signal causing a trailer to 
follow a path of travel segment that is Substantially straight 
and to selectively provide a signal causing the trailerto follow 
a path of travel segment that is Substantially curved. 
Examples of Such a non-rotational control input device 
include, but are not limited to, a plurality of depressible 
buttons (e.g., curve left, curve right, and travel straight), a 
touch screen on which a driver traces or otherwise inputs a 
curvature for path of travel commands, a button that is trans 
latable along an axis for allowing a driver to input path of 
travel commands, or joystick type input and the like. 

The trailer backup steering input apparatus 125 can be 
configured to provide various feedback information to a 
driver of the vehicle 100. Examples of situation that such 
feedback information can include, but are not limited to, a 
status of the trailer backup assist system 105 (e.g., active, in 
standby (e.g., when driving forward to reduce the trailerangle 
and Zero trailer angle to remove bias), faulted, inactive, etc.), 
that a curvature limit has been reached (i.e., maximum com 
manded curvature of a path of travel of the trailer 110), and/or 
a graphical representation of the vehicle and trailer orienta 
tion state. To this end, the trailer backup steering input appa 
ratus 125 can be configured to provide a tactile feedback 
signal (e.g., a vibration through the knob 170) as a warning if 
any one of a variety of conditions occur. Examples of Such 
conditions include, but are not limited to, the trailer 110 
approaching jackknife, the trailer backup assist system 105 
has had a failure, the trailer backup assist system 105 has 
detected a fault, the trailer backup assist system 105 or other 
system of the vehicle 100 has predicted a collision on the 
present path of travel of the trailer 110, the trailer backup 
system 105 has restricted a commanded curvature of a trail 
er's path of travel (e.g., due to excessive speed or acceleration 
of the vehicle 100), and the like. Still further, it is disclosed 
that the trailer backup steering input apparatus 125 can use 
illumination (e.g., an LED 180) and/or an audible signal 
output (e.g., an audible output device 185 or through attached 
vehicle audio speakers) to provide certain feedback informa 
tion (e.g., notification/warning of an unacceptable trailer 
backup condition). 

Referring now to FIGS. 2 and 3, an example of using the 
trailer backup steering input apparatus 125 for dictating a 
curvature of a path of travel (POT) of a trailer (i.e., the trailer 
110 shown in FIG. 1) while backing up the trailer with a 
vehicle (i.e., the vehicle 100 in FIGS. 1 and 2) is shown. In 
preparation of backing the trailer 110, the driver of the vehicle 
100 drives the vehicle 100 forward along a pull-thru path 
(PTP) to position the vehicle 100 and trailer 110 at a first 
backup position B1. In the first backup position B1, the 
vehicle 100 and trailer 110 are longitudinally aligned with 
each other such that a longitudinal centerline axis L1 of the 
vehicle 100 is aligned with (e.g., parallel with or coincidental 
with) a longitudinal centerline axis L2 of the trailer 110. It is 
disclosed herein that such alignment of the longitudinal axes 
L1, L2 at the onset of an instance of trailer backup function 
ality is not a requirement for operability of a trailer backup 
assist system configured in accordance with the disclosed 
Subject matter. 

After activating the trailer backup assist system 105 (e.g., 
before, after, or during the pull-thru sequence), the driver 
begins to back the trailer 110 by reversing the vehicle 100 
from the first backup position B1. So long as the knob 170 of 
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10 
the trailer backup steering input apparatus 125 remains in the 
at-rest position P(AR), the trailer backup assist system 105 
will steer the vehicle 100 as necessary for causing the trailer 
110 to be backed along a substantially straight path of travel 
as defined by the longitudinal centerline axis L2 of the trailer 
110 at the time when backing of the trailer 110 began. When 
the trailer reaches the second backup position B2, the driver 
rotates the knob 170 to command the trailer 110 to be steered 
to the right (i.e., a knob position R(R) clockwise rotation). 
Accordingly, the trailer backup assist system 105 will steer 
the vehicle 100 for causing the trailer 110 to be steered to the 
right as a function of an amount of rotation of the knob 170 
with respect to the at-rest position P(AR), a rate movement of 
the knob 170, and/or a direction of movement of the knob 170 
with respect to the at-rest position P(AR). Similarly, the 
trailer 110 can be commanded to steer to the left by rotating 
the knob 170 to the left. When the trailer reaches backup 
position B3, the driver allows the knob 170 to return to the 
at-rest position P(AR) thereby causing the trailer backup 
assist system 105 to steer the vehicle 100 as necessary for 
causing the trailer 110 to be backed along a substantially 
straightpath of travel as defined by the longitudinal centerline 
axis 12 of the trailer 110 at the time when the knob 170 was 
returned to the at-rest position P(AR). Thereafter, the trailer 
backup assist system 105 steers the vehicle 100 as necessary 
for causing the trailer 110 to be backed along this substan 
tially straight path to the fourth backup position B4. In this 
regard, arcuate portions of a path of travel POT of the trailer 
POT are dictated by rotation of the knob 170 and straight 
portions of the path of travel POT are dictated by an orienta 
tion of the centerline longitudinal axis L2 of the trailer when 
the knob 170 is in/returned to the at-rest position P(AR). 

In order to activate the trailer backup assist system 
described above in FIGS. 1 through 3, the driverinteracts with 
the trailer backup assist system and the trailer backup assist 
system interacts with the vehicle environment. The trailer 
backup assist system automatically steers as the driver 
reverses the vehicle. As discussed above, the driver controls 
the trailer trajectory by using a steering knob to input desired 
trailer curvature. The trailer backup assist algorithm deter 
mines the vehicle steering angle to achieve the desired trailer 
curvature, and the driver controls the throttle and brake while 
the trailer backup assist system controls the steering. 

FIG. 4 shows a method 200 for implementing trailer 
backup assist functionality in accordance with an embodi 
ment of the disclosed subject matter. In a preferred embodi 
ment, the method 200 for implementing trailer backup assist 
functionality can be carried out using the trailer backup assist 
architecture discussed above in reference to the vehicle 100 
and trailer 110 of FIG. 1. Accordingly, trailer steering infor 
mation is provided through use of a rotational control input 
device (e.g., the knob 170 discussed in reference to FIG. 2). 
An operation 202 is performed for receiving a trailer 

backup assist request. Examples of receiving the trailer 
backup assist request include activating the trailer backup 
assist System and providing confirmation that the vehicle and 
trailer are ready to be backed. After receiving a trailer backup 
assist request (i.e., while the vehicle is being reversed), an 
operation 204 is performed for receiving a trailer backup 
information signal. Examples of information carried by the 
trailer backup information signal include, but are not limited 
to, information from the trailer backup steering input appa 
ratus 125, information from the hitch angle detecting appa 
ratus 130, information from the power-steering assist control 
module 135, information from the brake system control mod 
ule 145, and information from the powertrain control module 
150. It is disclosed herein that information from the trailer 
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backup steering input apparatus 125 preferably includes 
trailer path curvature information characterizing a desired 
curvature for the path of travel of the trailer, such as provided 
by the trailer backup steering input apparatus 125 discussed 
above in reference to FIGS. 1 and 2. In this manner, the 
operation 204 for receiving the trailer backup information 
signal can include receiving trailer path curvature informa 
tion characterizing the desired curvature for the path of travel 
of the trailer. 

If the trailer backup information signal indicates that a 
change in curvature of the trailer's path of travel is requested 
(i.e., commanded via the knob 170), an operation 206 is 
performed for determining vehicle steering information for 
providing the requested change in curvature of the trailers 
path of travel. Otherwise, an operation 208 is performed for 
determining vehicle steering information for maintaining a 
current Straight-line heading of the trailer (i.e., as defined by 
the longitudinal centerline axis of the trailer). Thereafter, an 
operation 210 is performed for providing the vehicle steering 
information to a power-steering assist system of the vehicle, 
followed by an operation 212 being performed for determin 
ing the trailer backup assist status. If it is determined that 
trailer backup is complete, an operation 214 is performed for 
ending the current trailer backup assist instance. Otherwise 
the method 200 returns to the operation 204 for receiving 
trailer backup information. Preferably, the operation for 
receiving the trailer backup information signal, determining 
the vehicle steering information, providing the vehicle steer 
ing information, and determining the trailer backup assist 
status are performed in a monitoring fashion (e.g., at a high 
rate of speed of a digital data processing device). Accord 
ingly, unless it is determined that reversing of the vehicle for 
backing the trailer is completed (e.g., due to the vehicle hav 
ing been Successfully backed to a desired location during a 
trailer backup assist instance, the vehicle having to be pulled 
forward to begin another trailer backup assist instance, etc.), 
the method 200 will continually be performing the operations 
for receiving the trailer backup information signal, determin 
ing the vehicle steering information, providing the vehicle 
steering information, and determining the trailer backup 
assist status. 

It is disclosed herein that the operation 206 for determining 
vehicle steering information for providing the requested 
change in curvature of the trailer's path of travel preferably 
includes determining vehicle steering information as a func 
tion of trailer path curvature information contained within the 
trailer backup information signal. As will be discussed below 
in greater detail, determining vehicle steering information 
can be accomplished through a low order kinematic model 
defined by the vehicle and the trailer. Through such a model, 
a relationship between the trailer path curvature and com 
manded Steering angles of steered wheels of the vehicle can 
be generated for determining steering angle changes of the 
steered wheels for achieving a specified trailerpath curvature. 
In this manner, the operation 206 for determining vehicle 
steering information can be configured for generating infor 
mation necessary for providing trailer path curvature control 
in accordance with the disclosed subject matter. 

In some embodiments of the disclosed subject matter, the 
operation 210 for providing the vehicle steering information 
to the power-steering assist system of the vehicle causes the 
steering system to generate a corresponding steering com 
mand as a function of the vehicle steering information. The 
steering command is interpretable by the steering system and 
is configured for causing the steering system to move steered 
wheels of the steering system for achieving a steered angle as 
specified by the vehicle steering information. Alternatively, 
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the steering command can be generated by a controller, mod 
ule or computer external to the steering system (e.g., a trailer 
backup assist control module) and be provided to the steering 
system. 

In parallel with performing the operations for receiving the 
trailer backup information signal, determining the vehicle 
steering information, providing the vehicle steering informa 
tion, and determining the trailer backup assist status, the 
method 200 performs an operation 216 for monitoring the 
trailer backup information for determining if an unacceptable 
trailer backup condition exists. Examples of such monitoring 
include, but are not limited to assessing a hitch angle to 
determine if a hitch angle threshold is exceeded, assessing a 
backup speed to determine if a backup speed threshold is 
exceeded, assessing vehicle steering angle to determine if a 
vehicle steering angle threshold is exceeded, assessing other 
operating parameters (e.g., vehicle longitudinal acceleration, 
throttle pedal demand rate and hitch angle rate) for determin 
ing if a respective threshold value is exceeded, and the like. 
Backup speed can be determined from wheel speed informa 
tion obtained from one or more wheel speed sensors of the 
vehicle. If it is determined that an unacceptable trailer backup 
condition exists, an operation 218 is performed for causing 
the current path of travel of the trailer to be inhibited (e.g., 
stopping motion of the vehicle), followed by the operation 
214 being performed for ending the current trailer backup 
assist instance. It is disclosed herein that prior to and/or in 
conjunction with causing the current trailer path to be inhib 
ited, one or more actions (e.g., operations) can be imple 
mented for providing the driver with feedback (e.g., a warn 
ing) that such an unacceptable trailer angle condition is 
impending or approaching. In one example, if such feedback 
results in the unacceptable trailer angle condition being rem 
edied prior to achieving a critical condition, the method can 
continue with providing trailer backup assist functionality in 
accordance with operations 204-212. Otherwise, the method 
can proceed to operation 214 for ending the current trailer 
backup assist instance. In conjunction with performing the 
operation 214 for ending the current trailer backup assist 
instance, an operation can be performed for controlling 
movement of the vehicle to correct or limit a jackknife con 
dition (e.g., steering the vehicle, decelerating the vehicle, 
limiting magnitude and/or rate of driver requested trailer cur 
Vature input, limiting magnitude and/or rate of the steering 
command, and/or the like to preclude the hitch angle from 
being exceeded). 

Curvature Control Algorithm 
Turning now to a discussion of a kinematic model used to 

calculate a relationship between a curvature of a path of travel 
of a trailer and the steering angle of a vehicle towing the 
trailer, a low order kinematic model can be desirable for a 
trailer back-up assist system configured in accordance with 
some embodiments of the disclosed subject matter. To 
achieve Such a low order kinematic model, certain assump 
tions are made with regard to parameters associated with the 
vehicle/trailer system. Examples of Such assumptions 
include, but are not limited to, the trailer being backed by the 
vehicle at a relatively low speed, wheels of the vehicle and the 
trailer having negligible (e.g., no) slip, tires of the vehicle 
having negligible (e.g., no) lateral compliance, tires of the 
vehicle and the trailer having negligible (e.g., no) deforma 
tion, actuator dynamics of the vehicle being negligible, the 
vehicle and the trailer exhibiting negligible (e.g., no) roll or 
pitch motions. 
As shown in FIG. 5, for a system defined by a vehicle 302 

and a trailer 304, the kinematic model 300 is based on various 
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parameters associated with the vehicle 302 and the trailer 
304. These kinematic model parameters include: 

Ö: steering angle at steered front wheels 306 of the vehicle 
302: 

C.: yaw angle of the vehicle 302; 
B: yaw angle of the trailer 304; 
y: hitch angle (YFB-C); 
W: wheelbase of the vehicle 302; 
L: length between hitch point 308 and rear axle 310 of the 

vehicle 302; 
D: length between hitch point 308 and axle length 312 of 

the trailer 304 (axle length 312 may be an effective, or equiva 
lent, axle length for a trailer having a multiple axle configu 
ration; and 
r: curvature radius for the trailer 304. 
The kinematic model 300 of FIG. 5 reveals a relationship 

between trailer path radius of curvaturer at the midpoint 314 
ofan axle 312 of the trailer 304, steering angle 8 of the steered 
wheels 306 of the vehicle302, and the hitchangley. As shown 
in the equation below, this relationship can be expressed to 
provide the trailer path curvature K2 such that, ify is given, the 
trailerpath curvature K2 can be controlled based on regulating 
the steering angle 6 (where B is trailer yaw rate and mistrailer 
velocity). 

KV2) W + - siny + Lcosytand 
K 1 p. g 
2 = , = , KV2 DW + -icosy - LSinytand 

g 

Or, this relationship can be expressed to provide the steer 
ing angle 8 as a function of trailer path curvature K2 and hitch 
angle Y. 

KV2 
W-- -- K2 Dcosy - Siny 

d = tan's = F(y, K2, K DLK2 siny + Lcosy (y, K2, K) 

Accordingly, for a particular vehicle and trailer combina 
tion, certain kinematic model parameters (e.g., D. W. and L) 
are constant and assumed known. V is the vehicle longitudi 
nal speed and g is the acceleration due to gravity. Kis a speed 
dependent parameter which when set to Zero makes the cal 
culation of steering angle independent of vehicle speed. For 
example, vehicle-specific kinematic model parameters can be 
predefined in an electronic control system of a vehicle and 
trailer-specific kinematic model parameters can be inputted 
by a driver of the vehicle. Trailer path curvature K is deter 
mined from the driver input via a trailer backup steering input 
apparatus. Through the use of the equation for providing 
steering angle, a corresponding steering command can be 
generated for controlling a steering system (e.g., an actuator 
thereof) of the vehicle. 

FIG. 6 shown an example of a trailer path curvature func 
tion plot 400 for a rotary-type trailer backup steering input 
apparatus (e.g., the trailer backup steering input apparatus 
125 discussed above in reference to FIGS. 1 and 2). A value 
representing trailer path curvature (e.g., trailer path curvature 
K2) is provided as an output signal from the rotary-type trailer 
backup steering input apparatus as a function of user input 
movement. In this example, a curve 402 specifying trailer 
path curvature relative to user input (e.g., amount of rotation) 
at a rotary input device (e.g., a knob) is defined by a cubic 
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function. However, a skilled person will appreciate that 
embodiments of the disclosed subject matter are not limited 
to any particular function between a magnitude and/or rate of 
input at a trailer backup steering input apparatus (e.g., knob 
rotation) and a resulting trailer path curvature value. 

Jackknife Detection 
Referring to FIG. 5, in preferred embodiments of the dis 

closed subject matter, it is desirable to limit the potential for 
the vehicle 302 and the trailer 304 to attain a jackknife angle 
(i.e., the vehicle/trailer system achieving a jackknife condi 
tion). Ajackknife angle Y() refers to a hitch angle Y that while 
backing cannot be overcome by the maximum steering input 
for a vehicle such as, for example, the steered front wheels 
306 of the vehicle 302 being moved to a maximum steered 
angle 6 at a maximum rate of steering angle change. The 
jackknife angle Y() is a function of a maximum wheel angle 
for the steered wheel306 of the vehicle302, the wheelbase W 
of the vehicle 302, the distance L betweenhitch point 308 and 
the rear axle 310 of the vehicle 302, and the length D between 
the hitch point 308 and the effective axle 312 of the trailer 304 
when the trailer has multiple axles. The effective axle 312 
may be the actual axle for a single axle trailer or an effective 
axle location for a trailer with multiple axles. When the hitch 
angle Y for the vehicle 302 and the trailer 304 achieves or 
exceeds the jackknife angle Y(), the vehicle 302 must be 
pulled forward to reduce the hitch angley. Thus, for limiting 
the potential for a vehicle/trailer system attaining a jackknife 
angle, it is preferable to control the yaw angle of the trailer 
while keeping the hitch angle of the vehicle/trailer system 
relatively small. 

Referring to FIGS. 5 and 7, a steering angle limit for the 
steered front wheels 306 requires that the hitch angley cannot 
exceed the jackknife angley (), which is also referred to as a 
critical hitch angle. Thus, under the limitation that the hitch 
angle Y cannot exceed the jackknife angle Y(), the jackknife 
angley () is the hitch angle Y that maintains a circular motion 
for the vehicle/trailer system when the steered wheels 306 are 
at a maximum steering angle Ö(max). The steering angle for 
circular motion with hitch angle is defined by the following 
equation. 

Wsinya 
tand, = - alonga D+ Lcosy 

Solving the above equation for hitch angle allows jackknife 
angle Y() to be determined. This solution, which is shown in 
the following equation, can be used in implementing trailer 
backup assist functionality in accordance with the disclosed 
Subject matter for monitoring hitch angle in relation to jack 
knife angle. 

b2 - 4ac 
2a 

-b 
cosy = 

where, 

a = Litan’6(max) + W’; 
b = 2LDtano (max); and 
c = D'tano (max) - W’. 

In certain instances of backing a trailer, a jackknife 
enabling condition can arise based on current operating 
parameters of a vehicle in combination with a corresponding 
hitch angle. This condition can be indicated when one or more 
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specified vehicle operating thresholds are met while a par 
ticular hitch angle is present. For example, although the par 
ticular hitch angle is not currently at the jackknife angle for 
the vehicle and attached trailer, certain vehicle operating 
parameters can lead to a rapid (e.g., uncontrolled) transition 
of the hitch angle to the jackknife angle for a current com 
manded trailer path curvature and/or can reduce an ability to 
steer the trailer away from the jackknife angle. One reason for 
a jackknife enabling condition is that trailer curvature control 
mechanisms (e.g., those in accordance with the disclosed 
Subject matter) generally calculate steering commands at an 
instantaneous point in time during backing of a trailer. How 
ever, these calculations will typically not account for lag in 
the steering control system of the vehicle (e.g., lag in a steer 
ing EPAS controller). Another reason for the jackknife 
enabling condition is that trailer curvature control mecha 
nisms generally exhibit reduced steering sensitivity and/or 
effectiveness when the vehicle is at relatively high speeds 
and/or when undergoing relatively high acceleration. 

Jackknife Counter-Measures 
FIG. 8 shows a method 500 for implementing jackknife 

countermeasures functionality in accordance with an 
embodiment of the disclosed subject matter for a vehicle and 
attached trailer. Trailer backup assist functionality in accor 
dance with the disclosed subject matter can include jackknife 
countermeasures functionality. Alternatively, jackknife coun 
termeasures functionality in accordance with an embodiment 
of the disclosed Subject matter can be implemented separately 
from other aspects of trailer backup assist functionality. 
The method 500 begins when operation 502 is performed 

for receiving jackknife determining information characteriz 
ing a jackknife enabling condition of the vehicle-trailer com 
bination at a particular point in time (e.g., at the point in time 
when the jackknife determining information was sampled). 
Examples of the jackknife determining information includes, 
but are not limited to, information characterizing a hitch 
angle, information characterizing a vehicle accelerator pedal 
transient state, information characterizing a speed of the 
vehicle, information characterizing longitudinal acceleration 
of the vehicle, information characterizing a brake torque 
being applied by a brake system of the vehicle, information 
characterizing a powertrain torque being applied to driven 
wheels of the vehicle, and information characterizing the 
magnitude and rate of driver requested trailer curvature. The 
operation 502 for receiving jackknife determining informa 
tion can be the first operation in a sampling process where 
jackknife determining information is sampled upon initiation 
of an instance of implementing jackknife countermeasures 
functionality. In this regard, jackknife determining informa 
tion would be continually monitored such as, for example, by 
an electronic control unit (ECU) that carries out trailer 
backup assist (TBA) functionality. As discussed above in 
reference to FIG. 5, a kinematic model representation of the 
vehicle and the trailer can be used to determine a jackknife 
angle for the vehicle-trailer combination. However, the dis 
closed subject matter is not unnecessarily limited to any spe 
cific approach for determining the jackknife angle. 

After receiving the jackknife determining information, an 
operation 504 is performed for assessing the jackknife deter 
mining information for determining if the vehicle-trailer 
combination attained the jackknife enabling condition at the 
particular point in time. The objective of the operation 504 for 
assessing the jackknife determining information is determin 
ing if a jackknife enabling condition has been attained at the 
point in time defined by the jackknife determining informa 
tion. If it is determined that a jackknife enabling condition is 
not present at the particular point in time, the method 500 
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returns to the operation 502 for receiving another instance of 
the jackknife determining information. If it is determined that 
a jackknife enabling condition is present at the particular 
point in time, an operation 506 is performed for determining 
an applicable counter-measure or counter-measures to imple 
ment. Accordingly, in some embodiments of the disclosed 
Subject matter, an applicable counter-measure will be 
selected dependent upon a parameter identified as being a key 
influencer of the jackknife enabling condition. However, in 
other embodiments, an applicable counter-measure will be 
selected as being most able to readily alleviate the jackknife 
enabling condition. In still other embodiment, a pre-defined 
counter-measure or pre-defined set of counter-measures may 
be the applicable counter-measure(s). 
The objective of a counter-measure in the context of the 

disclosed subject matter (i.e., a jackknife reduction counter 
measure) is to alleviate ajackknife enabling condition. To this 
end. Such a counter-measure can be configured to alleviate the 
jackknife enabling condition using a variety of different strat 
egies. In a vehicle speed sensitive counter-measure strategy, 
actions taken for alleviating the jackknife enabling condition 
can include overriding and/or limiting driver requested trailer 
radius of curvature (e.g., being requested via a trailer backup 
steering input apparatus configured in accordance with the 
disclosed subject matter) as a function of vehicle speed (e.g., 
via a look-up table correlating radius of curvature limits to 
vehicle speed as shown in FIG. 6). In a counter-measure 
strategy where trailer curvature requests are limited as a func 
tion of speed and driver curvature command transient rates, 
actions taken for alleviating the jackknife enabling condition 
can include rate limiting trailer curvature command transients 
as requested by a driver above a pre-defined vehicle speed 
whereas, under the pre-defined vehicle speed, the as-re 
quested trailer curvature are not rate limited. In a torque 
limiting counter-measure Strategy, actions taken for alleviat 
ing the jackknife enabling condition can include application 
of full available powertrain torque being inhibited when the 
jackknife enabling condition is present while the vehicle is 
above a pre-defined speed and application of full available 
powertrain torque being allowed when the vehicle speed is 
reduced below the pre-defined speed while in the torque 
inhibiting mode. As opposed to a fixed pre-defined speed, the 
torque limiting counter-measure strategy can utilize a speed 
threshold that is a function of hitch angle (i.e., speed threshold 
inversely proportional to hitch angle acuteness). In a driver 
accelerator pedal transient detection counter-measure strat 
egy, actions taken for alleviating the jackknife enabling con 
dition can include overriding and/or limiting driver requested 
trailer radius of curvature as a function of transient accelera 
torpedal requests (e.g., requested trailer radius of curvature 
limited when a large accelerator pedal transient is detected). 
In a hitch angle rate sensitive counter-measure strategy, 
actions taken for alleviating the jackknife enabling condition 
can include using hitch angle rate in a predefined or calculated 
mapping with current hitch angle position to limit driver 
requested trailer radius of curvature. Accordingly, in view of 
the disclosures made herein, a skilled person will appreciate 
that embodiments of the disclosed subject matter are not 
unnecessarily limited to a counter-measure strategy of any 
particular configuration. 
As disclosed above, implementation of trailer backup 

assist functionality in accordance with the disclosed subject 
matter can utilize a kinematic model for determining steering 
control information, jackknife enabling conditions, and jack 
knife angle. Such a kinematic model has many parameters 
than can influence trailer curvature control effectiveness. 
Examples of these parameters include, but are not limited to, 
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the vehicle wheelbase, understeer gradient gain, vehicle track 
width, maximum steer angle at the vehicle front wheels, 
minimum turning radius of vehicle, maximum steering rate 
able to be commanded by the steering system, hitch ball to 
trailer axle length, and vehicle rear axle to hitch ball length. 
Sensitivity analysis for a given kinematic model can be used 
to provide an understanding (e.g., sensitivity) of the relation 
ships between Such parameters, thereby providing informa 
tion necessary for improving curvature control performance 
and for reducing the potential for jackknife enabling condi 
tions. For example, through an understanding of the sensitiv 
ity of the parameters of a kinematic model, Scaling factors can 
be used with speed dependent jackknife counter-measures to 
reduce jackknife potential (e.g., for special applications such 
as short wheelbase conditions). 

Still referring to FIG. 8, after determining the applicable 
countermeasure(s), an operation 508 is performed for imple 
menting the chosen jackknife countermeasure(s) and an 
operation 510 is performed for initiating a jackknife warning. 
As discussed above in regard to counter-measure strategies, 
implementing the jackknife counter-measure(s) can include 
commanding a speed controlling system of the vehicle to 
transition to an altered State of operation in which a speed of 
the vehicle is reduced, commanding the steering control sys 
tem of the vehicle to transition to an altered state of operation 
in which a radius of curvature of a path of the trailer is 
increased, command the steering control system of the 
vehicle to transition to an altered state of operation in which 
a decrease in the radius of the curvature of the path of the 
trailer is inhibited, commanding a brake control system of the 
vehicle to apply brake torque to reduce vehicle speed/inhibit 
vehicle acceleration, and/or commanding a powertrain con 
trol system of the vehicle to inhibit full available powertrain 
torque from being delivered to driven wheels of the vehicle 
until another jackknife enabling parameter (e.g., vehicle 
speed) is below a defined threshold. In certain embodiments 
of the disclosed subject matter, the jackknife warning is pro 
vided to the driver using at least one vehicle control system 
through which the jackknife counter-measure is imple 
mented. Speed reduction, in addition to applying the brakes, 
can be accomplished by any number of means such as, for 
example, limiting throttle inputs (e.g., via a terrain manage 
ment feature) and/or transitioning a transmission to a reverse 
low gear if the vehicle is equipped with a multi-range reverse 
gear transmission. Examples of such system-specific warning 
approach include, but are not limited to, providing a warning 
through an accelerator pedal of the vehicle (e.g., via haptic 
feedback) if the counter-measure includes limiting speed of 
the vehicle and/or providing a warning through an input ele 
ment (e.g., knob) of a trailer backup steering input apparatus 
of the vehicle (e.g., via haptic feedback if the counter-mea 
Sure includes limiting driver requested trailer radius of cur 
Vature), through haptic seat vibration warning, through a 
visual warning (e.g., through a visual display apparatus of the 
towing vehicle) and/or through audible warnings (e.g., 
through an audio output apparatus of the towing vehicle), or 
the like. One embodiment of utilizing warnings relating to 
vehicle speed as it relates to onset or presence of a jackknife 
enabling condition includes implementation of a dual stage 
warning. For example, when a backing speed of the vehicle 
increases Sufficiently for causing a speed of the vehicle to 
reach a lower (i.e., first) speed threshold during backing of the 
trailer, a driver of the vehicle would be provided with a first 
warning indication (e.g., via haptic, audible, and/or visual 
means as implemented by the trailerbackup assist system) for 
informing the driver that there is the need to reduce the speed 
of the vehicle to alleviate or preclude the jackknife enabling 
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condition. If the driver does not correspondingly respond by 
causing a speed of the vehicle to be reduced (or not to further 
increase) and the vehicle continues to gain speed such that it 
passes a higher (i.e., a second) speed threshold, the driver of 
the vehicle would be provided with a second warning indica 
tion (e.g., a more severe haptic, audible, and/or visual means 
as implemented by the trailer backup assist system) for 
informing the driver that there is an immediate need to reduce 
the speed of the vehicle to alleviate or preclude the jackknife 
enabling condition. The first and/or the second speed indica 
tion warnings can be implemented in conjunction with a 
respective speed limiting counter-measure or measures (e.g., 
the trailer backup assist system causing activation of a brake 
system of the vehicle and/or reducing a throttleposition of the 
vehicle). 
Human Machine Interface 
In order to implement the control features discussed above 

with respect to methods described in FIG. 5 and FIG. 8, a 
driver must interact with the trailer backup assist system 105 
to configure the system 105. The vehicle 100 is also equipped, 
as shown in FIG.9, with a Human Machine Interface (HMI) 
device 102 to implement trailer backup assist functionality 
through driver interaction with the HMI device 102. 

FIG. 9 shows an example of an HMI device 102 in the 
vehicle that a driver uses to interact with the trailer backup 
assist system 105. The driver is presented with multiple 
menus 104 (only one example menu is shown in FIG. 9) 
displayed by way of the HMI 102. The HMI menus 104 assist 
the driver through modules (shown in FIGS. 10 and 11) that 
setup 600, calibrate 700, and activate 800 the trailer back-up 
assist system 105 so that control methods 200, 500 may be 
implemented to assist the driver with the backup of the trailer 
shown generally as a flow diagram in FIGS. 10 and 11, and to 
be discussed in greater detail later herein. Each module is 
directed to particular elements, or features, which are used to 
configure the trailerbackup assist system to accurately imple 
ment control methods 200, 500. While each module is 
described with reference to particular features of the dis 
closed subject matter, it should be noted that each module is 
not necessarily limited to the particular features described in 
the examples herein. It is possible to rearrange the modules or 
to replace elements or features of a module without departing 
from the scope of the disclosed subject matter. 
The trailer backup assist system 105 will guide a driver 

through the steps necessary to connect a trailer and attach a 
target. The driver may activate the setup by way of the backup 
steering input apparatus 125, for example by turning or push 
ing the rotary knob, or my merely making a selection for the 
Trailer Backup Assist System from a menu on the HMI device 
102. Referring to FIG. 10, a driver initiates the trailer backup 
assist system through the trailer backup assist steering input 
apparatus. In the case of a rotary knob, the driver presses or 
rotates the knob to initiate the trailer backup assist system. 
The system will guide the driver through the steps of connect 
ing 580 a compatible trailer 110. A compatible trailer is one 
that pivots at a single point relative to the vehicle and behind 
the rear axle of the vehicle. 
Once the system is selected by either the trailer backup 

steering input apparatus 125 or the HMI device 105, the 
system will guide the driver to prepare the vehicle and vehicle 
trailer combination as necessary. The vehicle 100 should be 
turned “on” and the vehicle 100 should be in “park” 590. In 
the event the vehicle 100 is on but is traveling at a speed that 
is greater than a predetermined limit, for example five miles 
per hour, the trailer backup assist system 105 will become 
inactive and inaccessible to the driver. The trailer backup 
assist system 105 setup module 600 will not begin or will be 
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exited 585. If the type of trailer 110 selected by the driver is a 
trailer 110 that is not compatible with the trailer backup assist 
system 105, the setup module 600 will be exited 585 or will 
not begin. In the event, the trailer 110 is compatible with the 
trailer backup assist system 105, the setup module 600 veri 
fies that the vehicle 100 gear shift mechanism is in “park’. 
Again, in the event the vehicle is not “on” and the gear shift 
mechanism is not on "park', the setup module will not begin 
585. 
Upon connection 580 of a compatible trailer 110, the 

vehicle 100 being “on” 590 and the vehicle 100 being in 
“park” 590, the HMI 102 will present a menu 104 that has a 
“Towing mode option to be selected by the driver. The driver 
selects “Towing mode and a menu 104 is presented that 
provides a “Trailer Options' selection. The driver then selects 
a “Trailer Options' mode from the “Towing menu. The 
driver is prompted to either "add a trailer” or “select a trailer 
from a menu 104 presented on the HMI device and the 
“Setup' module 600 of the disclosed subject matter has 
begun. For certain camera-based trailer angle detection sys 
tems, an operation 602 is performed wherein a warning menu 
may be presented to the driver, by way of the HMI, informing 
the driver that the trailer must be in a straight line, meaning 
there is no angle at the hitch between the vehicle and the 
trailer. The warning indicates that the driver may need to take 
corrective action, for example, pull the vehicle forward in 
order to align the trailer and the vehicle as required for the 
setup 600. A generic or static graphic may be presented by 
way of the HMI 102 to assist the driver in visually recognizing 
the alignment between the trailer 110 and the vehicle 100 that 
is necessary in order to properly setup and calibrate the trailer 
backup assist system 105. The driver applies any corrections 
603 in that the driver makes any necessary adjustment he has 
been alerted to and indicates, by acknowledging that correc 
tive actions have been applied 603 and that the trailer is in line 
with the vehicle. Other trailer angle detection systems may 
not need the driver to straighten the trailer during setup mode. 

To aid the driver in the setup process, the reverse back 
lights, or any other Supplemental lighting that may be avail 
able on the vehicle, are illuminated 604. In the event the trailer 
is a new trailer, one that hasn't been attached to the vehicle 
before or hasn’t been previously stored in the trailer backup 
assist system, the driver is presented 606 with an option to 
either name the trailer or select a previously stored trailer 
configuration. Naming the trailer 608 allows the trailer to be 
easily identified the next time it is attached to the vehicle so 
that the driver doesn’t have to repeat the setup process. The 
driver either enters a unique name to identify the trailer that is 
to be stored in the trailer backup assist system or selects a 
previously stored trailer configuration associated with the 
attached trailer. The trailer backup assist system will not 
allow more than one trailer to have the same name. Therefore, 
if a driver attempts to name a trailer using a name that has 
already been applied to a previously stored trailer configura 
tion, the HMI will display a message to the driver indicating 
So and requesting the driver enter a different name for the 
trailer configuration. In the case where a previously stored 
trailer configuration is available and selected 610 by the 
driver, certain steps in the setup process may be skipped. 
The following discussion is directed to a first time trailer 

configuration for a camera-based trailer angle detection sys 
tem. The driver is instructed 612 to place a hitch angle target 
on the trailer that is used for calibration purposes. A generic 
static image may be displayed on the HMI that provides 
direction to the driver as to placement of a target on the trailer 
that is used for hitch angle detection. The target placement is 
dependent upon the type of trailer being towed and therefore, 
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options may be presented to the driver to aid the driver in 
selecting an appropriate trailer type. The static image may 
indicate areas that are acceptable for target placement as well 
as areas that are unacceptable for target placement. The static 
image indicating the appropriate areas for attaching the target 
may be an overlay of the rear view of the trailer hitch. Once 
the driver attaches the target to the trailer and indicates by way 
of the HMI that the target has been attached to the trailer the 
setup mode provides 614 visual feedback to the driver iden 
tifying that the target has been located, or acquired. The driver 
acknowledges 616, by way of the HMI, that the target has 
been properly identified by the trailer backup assist system. 
Similarly, for a previously stored trailer configuration, the 
trailer will already have a target placed thereon. The trailer 
backup assist system will acquire the target and provide 614 
visual feedback to the driver confirming acquisition of the 
target. 

In the event the target is not acquired 614 after a predeter 
mined amount of time lapses, the driver is notified 618 of the 
need to reposition the target and presented with possible 
corrective measures that may be taken. Possible corrective 
measures may be presented to the driver Such as cleaning the 
camera lens, cleaning the target, replacing the target if it has 
been damaged or faded, pulling the vehicle-trailer combina 
tion forward to improve lighting conditions around the cam 
era and/or target, and moving the target to an acceptable 
location. The driver applies the necessary corrections 603. As 
mentioned above, some trailer angle detection systems may 
not require the driver to attach a target to the trailer during set 
up mode. The target and acquisition of the target are directed 
to camera-based trailer angle detection systems. 
When the target is acquired 614 by the trailer backup assist 

system and the driver has acknowledged 616 the acquisition, 
the driver is then prompted through a series of menus to input 
620 trailer measurement information that may be stored in the 
trailerbackup assist system for a trailer configuration that is to 
be associated with the named trailer. The next time the same 
trailer is attached to the vehicle, its unique trailer configura 
tion will already be stored and progress through the setup 
module will be faster or, in some cases, may be skipped 
entirely. Generic static images may be displayed at the HMI 
screen in order to assist the driver with the measurement 
information. Visual examples, see FIG. 12, may be provided 
to aid the driver in identifying the location on the vehicle, the 
trailer or between the vehicle and trailer that the driver is 
being prompted to enter. In addition, numerical limits for the 
driver entered measurements are set within the trailer backup 
assist system and may be displayed to the driver. The driver 
may be warned about entered measurements that exceed the 
numerical limits. Additionally, the measurement information 
requests that the driver is prompted to enter may be presented 
to the driver in the order that the measurements should be 
entered into the trailer backup assist system. 

It should be noted that while measurement information is 
discussed above as being entered by the driver, various meth 
ods of entering measurement information may also be 
employed without departing from the scope of the disclosed 
Subject matter. For example, a system to automatically detect 
measurements using existing vehicle and trailer data includ 
ing, but not limited to, vehicle speed, wheel rotation, steering 
wheel angle, vehicle to trailer relative angle, and a rate of 
change of the vehicle to trailer angle. 

Examples of the measurement information may include a 
horizontal distance from the rear of the vehicle to the center of 
a hitch ball, a horizontal distance from the rear of the vehicle 
to a center of the target, a vertical distance from the target to 
the ground, and a horizontal offset of the target from a cen 
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terline of the hitch ball. In the event the target is attached at 
other than the centerline of the hitch ball, then the trailer 
backup assist system must know which side of the vehicle the 
target is attached to, the passenger side or the driver side. A 
menu on the HMI may presented for the driver to indicate 
passenger side or driver side for the placement of the target. 
The trailer backup assist system also needs to know the hori 
Zontal distance from the rear of the vehicle to a center of the 
axle or axles of the trailer. The measurements may be entered 
in either English or Metric units. 
The driver is presented 622 with the option to revise any of 

the measurements before proceeding with the setup process. 
Otherwise, the setup module 600 is complete 624 and the 
calibration module 700 begins. 
The calibration module 700 is designed to calibrate the 

curvature control algorithm with the proper trailer measure 
ments and calibrate the trailer backup assist system for any 
hitch angle offset that may be present. After completing the 
setup module 600, the calibration module begins 700 and the 
driver is instructed 702 to pull the vehicle-trailer combination 
straight forward until a hitch angle sensor calibration is com 
plete. The HMI may notify 704 the driver, by way of a pop up 
or screen display that the vehicle-trailer combination needs to 
be pulled forward until calibration is complete. When cali 
bration is complete, the HMI may notify 704 the driver. Any 
hitch angle offset value is stored 706 in memory, accessed as 
necessary by the curvature control algorithm, and the calibra 
tion module 700 ends 704. 

It should be noted that while hitch angle calibration is 
described above as maybe requesting the driver pull forward 
information, various other methods of hitch angle calibration 
may also be employed without departing from the scope of 
the disclosed subject matter. 
Upon completion of the setup module 600 and the calibra 

tion module 700, the activation module 800 may begin. The 
activation module 800 is described with reference to FIG. 11. 
The activation module 800 is designed to activate automatic 
steering of the vehicle during trailer backup assist operations. 
The driver is instructed 802 to place the vehicle in reverse. 
Upon activation of the trailer backup assist system, the steer 
ing system will not accept any steering angle commands from 
any source other than the trailer backup assist system 804. 
The trailer setup 600 and calibration 700 modules must be 
completed and a current hitch angle must be within a prede 
termined operating range for the trailer backup assist system 
806. The vehicle speed must also be less thana predetermined 
activation speed 808. In the event any one, or all, of these 
conditions 804,806, 808 are not met, the driver is prompted to 
apply a corrective measure 810. The driver must confirm 814 
that the corrective action has been taken in order for the 
control module to begin. If a corrective action is taken, but the 
activation module deems it unacceptable, the driver will be 
instructed 810 to try another corrective action. 

For steering systems where the steering wheel is directly 
coupled to the steered wheels of the vehicle, the driver cannot 
engage with the steering wheel during trailer backup assist. If 
any steering wheel motion is obstructed, by the driver or 
otherwise, the trailer backup assist system will present 
instructions 810 to the driver to remove their hands from the 
steering wheel. Activation 800 will be suspended or discon 
tinued until the obstruction is removed. If the vehicle speed 
exceeds a threshold speed or if the vehicle hitch angle is not 
acceptable, the driver will be prompted 810 to take corrective 
action. Until corrective action is taken, accepted and 
acknowledged, the activation 800 and control 200, 500 mod 
ules will be interrupted. 
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When the driver moves the gear shift from “park' to 

“reverse” 802 and presses or turns a trailer backup steering 
input apparatus 125 a rear view camera image may appear in 
a display of the HMI. If at any time during the reversing 
process the hitch angle becomes too large for the system to 
control the curvature of the trailer, the TBA will provide a 
warning to the driver to pull forward to reduce the hitch angle. 
If at any time during the reversing process the system is 
unable to track the hitch angle target, the driver is presented 
with instructions to correct the problem. If at any time the 
vehicle speed exceeds that predetermined activation speed, 
the driver is visually and audibly warned to stop or slow 
down. 
When all of the conditions of the activation module are met 

and maintained, the control module may begin. The control 
module executes the directives described above with refer 
ence to FIGS. 5 and 7. However, the activation module 800 
includes a monitoring function 816 so that, if at any time 
during execution of the control module 200,500 the control is 
interrupted, the driver is instructed to make necessary correc 
tions. In the event any one of the necessary corrections are not 
made, the control of the vehicle by way of the trailer backup 
assist system will end. The driver may also intentionally end 
the control by exiting the system through a menu selection on 
the HMI or placing the vehicle in a gear setting that is other 
than “park” or “reverse”. 

Referring now to instructions processible by a data pro 
cessing device, it will be understood from the disclosures 
made herein that methods, processes and/or operations 
adapted for carrying out trailer backup assist functionality as 
disclosed herein are tangibly embodied by non-transitory 
computer readable medium having instructions thereon that 
are configured for carrying out such functionality. The 
instructions are tangibly embodied for carrying out the 
method 200, 500, 600, 700 and 800 disclosed and discussed 
above and can be further configured for limiting the potential 
for a jackknife condition Such as, for example, by monitoring 
jackknife angle through use of the equations discussed in 
reference to FIGS. 5 and 7 and/or by implementing jackknife 
countermeasures functionality discussed above in reference 
to FIG.8. The instructions may be accessible by one or more 
data processing devices from a memory apparatus (e.g. RAM, 
ROM, virtual memory, hard drive memory, etc.), from an 
apparatus readable by a drive unit of a data processing system 
(e.g., a diskette, a compact disk, a tape cartridge, etc.) or both. 
Accordingly, embodiments of computer readable medium in 
accordance with the disclosed subject matter include a com 
pact disk, a hard drive, RAM or other type of storage appa 
ratus that has imaged thereon a computer program (i.e., 
instructions) configured for carrying out trailer backup assist 
functionality in accordance with the disclosed subject matter. 

In a preferred embodiment of the disclosed subject matter, 
a trailer back-up assist control module (e.g., the trailer back 
up assist control module 120 discussed above in reference to 
FIG. 1) comprises such a data processing device. Such a 
non-transitory computer readable medium, and Such instruc 
tions on the computer readable medium for carrying out 
trailer backup assist functionality (e.g., in accordance with 
the method 200 discussed above in reference to FIG. 2) and/or 
the method 500 discussed above in reference to FIG. 8 and/or 
the methods 600, 700 and 800 discussed above in reference to 
FIGS. 10 and 11. To this end, the trailer back-up assist control 
module can comprise various signal interfaces for receiving 
and outputting signals. For example, a jackknife enabling 
condition detector can include a device providing hitch angle 
information and hitch angle calculating logic of the trailer 
back-up assist control module. A trailer back-up assist control 
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module in the context of the disclosed subject matter can be 
any control module of an electronic control system that pro 
vides for trailer back-up assist control functionality in accor 
dance with the disclosed subject matter. Furthermore, it is 
disclosed herein that such a control functionality can be 
implemented within a standalone control module (physically 
and logically) or can be implemented logically within two or 
more separate but interconnected control modules (e.g., of an 
electronic control system of a vehicle) In one example, trailer 
back-up assist control module in accordance with the dis 
closed subject matter is implemented within a standalone 
controller unit that provides only trailer backup assist func 
tionality. In another example, trailer backup assist function 
ality in accordance with the disclosed Subject matter is imple 
mented within a standalone controller unit of an electronic 
control system of a vehicle that provides trailer backup assist 
functionality as well as one or more other types of system 
control functionality of a vehicle (e.g., anti-lock brake system 
functionality, steering power assist functionality, etc.). In still 
another example, trailer backup assist functionality in accor 
dance with the disclosed subject matter is implemented logi 
cally in a distributed manner whereby a plurality of control 
units, control modules, computers, or the like (e.g., an elec 
tronic control system) jointly carry out operations for provid 
ing Such trailer backup assist functionality. 
Maximum Controllable Trailer Path Curvature 
While backing the trailer, a maximum allowable trailer 

path curvature should not be exceeded. The maximum allow 
able trailer path curvature is determined by the trailer backup 
assist System using trailer dimensions. Should the trailer path 
curvature exceed the maximum allowable value while the 
vehicle is backing the trailer, the hitch angle Y() may become 
Sufficiently large and contact may occur between a portion of 
the trailer and a portion of the vehicle. It is possible that a 
driver may have entered inaccurate measurements for trailer 
dimensions into the trailer backup assist system 105 resulting 
in an incorrect maximum allowable trailer path curvature 
determination by the trailer backup assist system 105. The 
result is that the system 105 could possibly steer the trailer 
past a controllable curvature path because the maximum con 
trollable trailer path curvature may have been determined 
using the inaccurate trailer measurements. 
As discussed above, a jackknife enabling condition can 

arise based on current operating parameters of a vehicle in 
combination with a corresponding trailer angle and a trailer 
path curvature. This condition can be indicated when one or 
more specified vehicle operating thresholds are met while a 
particular trailer angle is present. For example, although the 
particular trailer angle is not currently at the jackknife angle 
for the vehicle and attached trailer, certain vehicle operating 
parameters can lead to a rapid (e.g., uncontrolled) transition 
of the trailer angle to the jackknife angle for a current com 
manded trailer path curvature and/or can reduce an ability to 
steer the trailer away from the jackknife angle. One reason for 
a jackknife enabling condition is that trailer curvature control 
mechanisms (e.g., those in accordance with the inventive 
Subject matter) generally calculate steering commands for the 
vehicle at an instantaneous point in time during backing of a 
trailer. However, these calculations will typically not account 
for lag in the steering control system of the vehicle (e.g., lag 
in a steering EPAS controller). 
The maximum controllable trailer path curvature may be 

determined as described hereinafter. In certain instances, 
such as described above with reference to FIG. 12, the driver 
provides the trailer backup assist system 105 with D, the 
distance from the hitch to the trailer axle and L, the distance 
from the hitch to the vehicle rear axle by entering the values 
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into the system by way of the HMI.W., the vehicle wheelbase, 
is programmed into the system and Ö, the steering angle of the 
vehicle front wheels and Y, the hitch angle, are typically 
measured using vehicle sensors. The values D. L. W. 8, and Y 
are used to calculate the steering angle limit for the steered 
front wheels such that the hitch angle, Y, will not exceed the 
jackknife angle, Y(), which is also referred to as the critical 
hitch angle. Therefore, under a limitation that the hitch angle, 
Y, may not exceed the jackknife angle, Y(), and the jackknife 
angle is the hitchangle that maintains a circular motion for the 
vehicle-trailer combination when the steered wheels of the 
vehicle are at a maximum steering angle, Ö(max). 

In the event the driverenters erroneous measurements for L 
and D into the trailer backup assist system 105, the critical 
hitch angle being used by the system may in fact be incorrect, 
and the system may potentially be steered beyond the maxi 
mum controllable trailer path curvature or beyond the critical 
hitch angle, Y(). A determination may be made that detects 
measurements entered by the driver to be incorrect and that 
the potential for error exists. This determination may be made 
upon observations of a magnitude of the hitch angle, Y, which 
grows as the vehicle is reversed using the maximum steering 
angle, Ö(max). When the hitch angle, Y, is continuing to 
increase in magnitude even while the vehicle is at the maxi 
mum steering angle, Ö(max), the determination may be made 
that one, or more, of the measurements entered by the driver 
may be incorrect and need to be addressed by the driver. 

Referring to FIG. 13 a portion of the trailer backup assist 
system 105 is shown including the steering input apparatus 
125, the hitch angle detecting apparatus 130 and the steering 
angle detecting apparatus 140. A camera 20 is shown as an 
input for providing video images to the trailer backup assist 
control module 120 as well as the vehicle HMI 25. The 
camera 20 may be a rearview camera mounted on the tow 
vehicle in a position and orientation to acquire images of the 
trailer towed by the vehicle rearward of the vehicle. The 
camera 20 may include an imaging camera that generates one 
or more camera images of the trailer including the hitch angle. 
The trailer backup assist system 105 may communicate 

with one or more devices that include, but are not limited to, 
vehicle exterior alerts 24 such as vehicle brake lights, emer 
gency flashers, or a vehicle horn for providing visual and 
audible alerts to the driver. Additionally, the trailer backup 
assist system 105 may communicate with one or more vehicle 
human machine interfaces (HMI's) 25 including a vehicle 
display such as a center stack mounted navigation/entertain 
ment display. Further, the trailer backup assist system may 
communicate by way of wireless communication 22 with one 
or more handheld or portable devices 26, such as a smart 
phone. The portable device 26 may include a display 28 for 
displaying one or more images of the trailer and the hitch 
angle. In addition, the portable device 26 may provide feed 
back information about the hitch angle including visual and 
audible alerts. 

Referring still to FIG. 12 the trailer backup assist control 
module 120 calculates 602 the critical hitch angle Y(j) and a 
maximum controllable curvature limit (curvature limit) 604 
using the measurements entered by the driver. As the trailer 
backup assist system 105 implements a trailer backup assist 
request, the hitch angle is monitored 216 (see FIG. 4) for an 
unacceptable hitch angle condition that is a hitch angle 
beyond the critical hitch angle. And trailer curvature com 
mands are monitored for an unacceptable trailer curvature 
command that is beyond the maximum controllable curvature 
limit 604. An unacceptable trailer angle condition occurs 
when the vehicle steering angle reaches maximum angle but 
is unable to reduce the trailer angle, i.e., the hitch angle 
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continues to increase. Upon Such a determination, the trailer 
backup assist control module will reset 608 the maximum 
allowable curvature limit to a default maximum controllable 
curvature limit which is a value not dependent upon the driver 
entered measurements that is known to be controllable by the 5 
steering system for any generic trailer dimensions. The reset 
608 to a default maximum controllable curvature limit also 
includes resetting the critical hitch angle to a default value 
that will be incorporated into the calibration of the curvature 
control algorithm until the point in time that corrected trailer 10 
measurements are entered by the driver. 
The trailer backup assist control module will initiate 610 a 

warning to the driver that the driver entered measurements are 
incorrect. The trailer backup assist control module will 
instruct 612 the driver to pull the vehicle forward in order to 15 
reduce the trailer angle. And the trailer backup assist control 
module will inform 614 the driver that the measurements 
entered during the setup need to be checked, corrected and 
re-entered. 

Communication with the driver will most likely take place 20 
by way of the HMI using audible and visual messages that 
will be broadcast and displayed to the driver. It is also possible 
that the messages may be communicated via wireless com 
munication 22 to the portable device 26. 
Once the driver enters corrected dimensions, critical hitch 25 

angle and maximum controllable curvature values are deter 
mined and applied in the calibration module, and the maxi 
mum trailer allowable controllable curvature during backing 
of the trailer by the vehicle is limited by the trailer backing 
control algorithm of the trailer backup assist system 105 30 
using the calculated maximum controllable curvature limit 
604. The constraint limiting the curvature control to stay 
within the maximum allowable trailer curvature will ensure 
that the desired trailer curvature input will not exceed the 
steering limits of the vehicle. 35 

In the foregoing specification, the disclosed subject matter 
has been described with reference to specific exemplary 
embodiments. Various modifications and changes may be 
made, however, without departing from the scope of the dis 
closed subject matter as set forth in the claims. The specifi- 40 
cation and figures are illustrative, rather than restrictive, and 
modifications are intended to be included within the scope of 
the disclosed subject matter. Accordingly, the scope of the 
disclosed subject matter should be determined by the claims 
and their legal equivalents rather than by merely the examples 45 
described. 

For example, the steps recited in any method or process 
claims may be executed in any order and are not limited to the 
specific order presented in the claims. The equations may be 
implemented with a filter to minimize effects of signal noises. 50 
Additionally, the components and/or elements recited in any 
apparatus claims may be assembled or otherwise operation 
ally configured in a variety of permutations and are accord 
ingly not limited to the specific configuration recited in the 
claims. 55 

Benefits, other advantages and Solutions to problems have 
been described above with regard to particular embodiments: 
however, any benefit, advantage, solution to problem or any 
element that may cause any particular benefit, advantage or 
Solution to occur or to become more pronounced are not to be 60 
construed as critical, required or essential features or compo 
nents of any or all the claims. 
The terms “comprise”, “comprises”, “comprising”, “hav 

ing”, “including”, “includes” or any variation thereof, are 
intended to reference a non-exclusive inclusion, Such that a 65 
process, method, article, composition or apparatus that com 
prises a list of elements does not include only those elements 
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recited, but may also include other elements not expressly 
listed or inherent to Such process, method, article, composi 
tion or apparatus. Other combinations and/or modifications 
of the above-described structures, arrangements, applica 
tions, proportions, elements, materials or components used in 
the practice of the disclosed subject matter, in addition to 
those not specifically recited, may be varied or otherwise 
particularly adapted to specific environments, manufacturing 
specifications, design parameters or other operating require 
ments without departing from the general principles of the 
SaC. 

The invention claimed is: 
1. A trailer backup assist system on a vehicle having an 

attached trailer, the system comprising: 
a human machine interface device in communication with 

a controller of the trailer backup assist system; 
a setup module receiving trailer measurements entered at 

the human machine interface by a driver; 
a calibration module applying the trailer measurements 

received by the setup module to calculate a maximum 
controllable curvature limit, a critical hitch angle and 
calibrate a curvature control algorithm associated with 
the trailer backup assist system; 

an activation module for activating a steering system on the 
vehicle during reverse movement of the vehicle-trailer 
combination; 

a trailer backup steering input apparatus having a rotatable 
control element positionable at a Zero curvature com 
mand position and at positions within opposing rota 
tional ranges of motion relative to the Zero curvature 
commanding position and generating driver request for 
a trailer path curvature command that is less than the 
calculated maximum controllable curvature limit and is 
a function of at least one of an amount of rotation of the 
rotatable control element with respect to the Zero curva 
ture commanding position, a rate movement of the rotat 
able control element, and a direction of movement of the 
rotatable control element with respect to the Zero curva 
ture commanding position; and 

a control module to receive the driver request, implement 
the curvature control algorithm, provide steering com 
mands to the steering system to control the reverse 
movement of the vehicle-trailer combination in a man 
ner consistent with the driver request, and implement a 
jackknife counter-measure by altering at least one 
vehicle operating parameter that increases a radius of a 
curvature path of the trailer and inhibits a decrease in the 
radius of the curvature path of the trailer, the steering 
commands during reverse movement of the vehicle 
trailer combination are limited to those provided by the 
control module; 

the control module to monitor an output of a steering angle 
sensor and detect a maximum vehicle steering angle, the 
control module to monitor an output of the hitch angle 
sensor and upon detection of an increasing output of the 
hitch angle sensor while the vehicle steering angle is at 
the maximum vehicle steering angle, the control module 
to reset the calculated maximum controllable curvature 
limit for the curvature control algorithm with a default 
maximum controllable curvature limit. 

2. The system as claimed in claim 1 further comprising the 
control module to reset the critical hitch angle to a default 
maximum controllable angle. 

3. The system as claimed in claim 1 further comprising the 
control module to implementa warning to the driver when the 
calculated maximum controllable curvature limit is reset. 
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4. The system as claimed in claim3 further comprising the 
warning to the driver being displayed at the human machine 
interface. 

5. The system as claimed in claim 4 wherein the setup 
module further comprises a menu displayed by the human 
machine interface device that provides an opportunity to 
revise the trailer measurements received by the setup module. 

6. The system as claimed in claim 3 further comprising the 
warning to the driver being wirelessly transmitted to a por 
table device. 

7. The system as claimed in claim 3 wherein the warning 
further comprises instructions to enter corrected trailer mea 
Surements, the corrected trailer measurements being entered 
by the driver, received by the setup module, and applied by the 
calibration module. 

8. The system as claimed in claim 3 further comprising 
instructions to the driver to apply a corrective action. 

9. The system as claimed in claim 8 wherein the corrective 
action is to pull the vehicle forward and prompt the driver to 
enter corrected trailer measurements. 

10. A method for implementing a trailer backup assist 
system on a vehicle having an attached trailer, the method 
carried out in a controller associated with the trailer backup 
assist system and comprising the steps of 

receiving trailer measurements representative of represen 
tative of dimensions on the trailer, on the vehicle and 
between the trailer and the vehicle: 

calculating a maximum controllable curvature and a criti 
cal hitch angle using the received trailer measurements; 

calibrating a curvature control algorithm and a hitch angle 
sensor associated with the trailerbackup assist system in 
accordance with the received trailer measurements, the 
calculated maximum controllable curvature limit, the 
calculated critical hitch angle, and a maximum vehicle 
Steering angle; 

activating a steering system on the vehicle after calibrating 
the curvature control algorithm and the hitch angle sen 
Sor, 

receiving a driver request to control reverse movement of 
the vehicle-trailer combination according to a desired 
trailer path curvature: 

implementing the curvature control algorithm to provide 
steering commands to the steering system in response to 
the driver request, the steering commands during reverse 
movement of the vehicle-trailer combination are limited 
to those provided by the curvature control algorithm; 

monitoring a vehicle steering angle sensor to detect when 
the vehicle has reached the maximum vehicle steering 
angle; 

monitoring the hitch angle sensor to determine when a 
hitch angle is increasing while the vehicle is being 
steered at the maximum vehicle steering angle; and 

replacing the calculated maximum controllable curvature 
with a default maximum controllable curvature limit; 

re-calibrating the curvature control algorithm using the 
default maximum controllable curvature limit; and 

initiating a warning to the driver that the received trailer 
measurements used in calibrating the curvature control 
algorithm are incorrect. 

11. The method as claimed in claim 10 further comprising 
the step of replacing the critical hitch angle with a default 
maximum controllable angle and the step of re-calibrating the 
curvature control algorithm further comprises re-calibrating 
the curvature control algorithm with the default maximum 
controllable angle. 
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12. The method as claimed in claim 10 wherein the step of 

initiating a warning to the driver further comprises displaying 
the warning on a human machine interface on the vehicle. 

13. The method as claimed in claim 10 wherein the step of 
initiating a warning to the driver further comprises wirelessly 
communicating the warning to a portable device. 

14. The method as claimed in claim 10 wherein the step of 
initiating a warning further comprises a instructing the driver 
that a corrective action is required. 

15. The method as claimed in claim 14 wherein the step of 
instructing the driver further comprises instructing the driver 
to pull the vehicle forward and enter corrected trailer mea 
SurementS. 

16. The method as claimed in claim 15 further comprising 
the step of re-calibrating the curvature control algorithm 
using corrected trailer measurements. 

17. A trailer backup assist system on a vehicle having an 
attached trailer comprising: 

a human machine interface device in communication with 
a controller; 

a setup module to receive trailer measurements at the con 
troller; 

a calibration module to apply the trailer measurements to 
calibrate a curvature control algorithm according to a 
calculated maximum controllable curvature limit and a 
calculated critical hitch angle calculated using the 
received trailer measurements; 

an activation module to activate a steering system on the 
vehicle during reverse movement of the vehicle-trailer 
combination; 

a control module to receive a driver request for a trailerpath 
curvature command, to implement the curvature control 
algorithm and to provide steering commands to the 
steering system in response to the driver request to con 
trol the reverse movement of the vehicle-trailer combi 
nation in a manner consistent with the driver request, the 
steering commands during reverse movement of the 
vehicle-trailer combination being limited by those pro 
vided by the calculated maximum controllable curva 
ture; 

the control module to monitor an output of the steering 
angle sensor to detect when the vehicle is being steered 
at a maximum vehicle steering angle; 

the control module to monitor an output of the hitch angle 
sensor to detect when the hitch angle continues to 
increase despite the vehicle being steered at the maxi 
mum vehicle steering angle; and 

the control module to initiate a warning to the driver in 
response to detecting the hitch angle continues to 
increase while the vehicle is being steered at the maxi 
mum vehicle steering angle. 

18. The system as claimed in claim 17 further comprising 
the control module to replace the calculated maximum con 
trollable curvature with a default maximum controllable cur 
Vature. 

19. The system as claimed in claim 18 further comprising 
the control module to replace the calculated critical hitch 
angle with a default maximum controllable angle. 

20. The system as claimed in claim 17 further comprising 
the control module to instruct the driver to apply corrective 
CaSUS. 

21. The system as claimed in claim 20 wherein the correc 
tive measures further comprise pulling the vehicle forward 
and entering corrected trailer measurements to be received at 
the setup module. 
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22. The system as claimed in claim 20 wherein the control 
module instructs the driver by way of a display at a human 
machine interface on the vehicle. 

23. The system as claimed in claim 20 wherein the control 
module instructs the driver by way of wirelessly communi- 5 
cating with a portable device. 

k k k k k 
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